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157] ABSTRACT

Organic silicone compounds of this invention are ex-
pressed by the following general chemical formula:

R1 R1 R?
| | |

X0+ Sli-(- CHZ');; ?iO-];;—(—SIiO-);;X
CHj3 CH3 CH3

wherein R!is a substituted or unsubstituted alkyl group
with 1 to 4 carbon atoms, R2 is substituted or unsubsti-
tuted monovalent hydrocarbon group, X is either a
hydrogen atom or a triorganosilyl group which is ex-
pressed by the following general chemical formula (2):

wherein R3, R4and R3S are a substituted or unsubstituted
monovalent hydrocarbon group with 1 to 8 carbon
atoms, each of which may be the same or different, p is
an integer from 4 to 16, m 1s an integer from O to 1000,
and n 18 an integer from 1 to 1000. The organic silicon
compounds of this invention are extremely useful as raw
material of rubber cured products with high strength
and a superior transparency.

9 Claims, 5 Drawing Sheets
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1
ORGANIC SILICON COMPOUNDS

BACKGROUND OF THE INVENTION

This invention relates to novel organic silicon com-
pounds.

Organopolysiloxanes which possess hydroxyl groups
bonded to silicon atoms at both ends of the molecular
chain have already been known. When these organo-
polysiloxanes are combined with, for example, the si-
lane compounds which comprise readily hydrolyzable
groups, they will be cured by moisture in the air and
form rubber elastic bodies, the cured products. There-
fore, these compositions are widely utilized as adhe-
sives, construction use sealing agents, and like uses.

However, the recent rapid progress of technology in
various fields demands the further improvement of the

said rubber materials with respect to their strength and
fransparency.

SUMMARY OF THE INVENTION

This invention offers novel organic silicon com-
pounds which are expressed by the following general
chemical formula (1):

llzl Rl 1112 (1)
|
XO-E-Sli-(-CHg-)ESIiOtI-(-?iO-)-”,X
CHj CHj CH3;

wherein Rl is a substituted or unsubstituted alkyl group
with 1 to 4 carbon atoms, R2is a substituted or unsubsti-
tuted monovalent hydrocarbon group, X is either a
hydrogen atom or a triorganosityl group which is ex-
pressed by the following general chemical formula (2):

R3 (2)

I
)
14

wherein R3, R4 and R, being the same or different, are
a substituted or unsubstituted monovalent hydrocarbon
group with 1 to 8 carbon atoms, p is an integer from 4
to 16, m1s O or an integer from 1 to 1000, n is an integer
from 1 to 1000.

Organic silicon compounds of this invention are ex-
tremely useful as raw material of rubber cured products
with a high strength and a superior transparency.

DETAILED DESCRIPTION OF THE
INVENTION

Organic silicon compounds of this invention com-
prise silicon atoms which are bonded through an alkyl-
ene group with 4 to 16 carbon atoms within the molecu-
lar chain. This is a clear difference from the organo-
polysiloxanes which have already been known. Such a
molecular structure enables these organic silicon com-
pounds to form rubber materials with a high strength
and a superior transparency.

In the above general formula (1), R!is either a substi-
tuted or unsubstituted alkyl group such as, for example,
a methyl group, ethyl group, propyl group, butyl group,
and these groups in which a part of, or all of, the hydro-
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gen atoms are substituted with halogen atoms, for exam-
ple, fluoro atoms.

Further, R? is either a substituted or unsubstituted
monovalent hydrocarbon group, which preferably pos-
sesses 1 to 8 carbon atoms. Examples of such are: alkyl
groups such as a methyl group, ethyl group, propyl
group, and a butyl group; cycloalkyl groups such as a
cyclokexyl group; alkenyl groups such as a vinyl group,
an allyl group and an isopropenyl group; aryl or aralkyl
groups, for example, carbocyclic aryl groups, such as a
phenyl group, a tolyl group, and a phenylethyl group;
and the above groups in which a part of, or all of, the
hydrogen atoms are substituted with halogen atoms
such as, for example, a 3,3,3-trifluoropropyl group, a
6,6,6,5,5,4,4,3,3-nonafluorohexyl group, a chloromethyl
group, and a 3-chloropropyl group.

X 1s either a hydrogen atom or a triorganosilyl group
expressed by the general chemical formula (2). Here R3,
R4 and R? are the similar groups as defined for R2.

Below representative examples for the organic silicon
compounds of this invention are shown.

o
HO— [Sli"" (CH2)6—SiCh00—H,
CHj3 CHj
g @
CH=CH— ?iO — [Sli'—(CHz)ﬁ'— SliO] 100— Sli —CH=CH),,
CH3; CHj CHj CHj3
(|3H3 (|3H3
HO— [El;i— (CH2)10—Si0]100—H,
CHj3 CHj
T o
CHy= CH"'SliO—' [SII— (CH») 10— SIiO] 1 og""Sli—" CH=CH),,
CH3; CHj CHj3 CH;
oo
HO— [Sli —(CHz)¢— ?iO] 100~ ('L?iO) 100—H,
CHj CH3 CH;3
mo@op
HO— [Sl'i— (CHz)s™ ?iO} 100 (SIiO)zo— H, and
CH3 CH;  Ph
?H3 (|:H3 (IZHQCHQCFQ,
HO— [Sli— (CH2)s— SlriO] 100~ (SIiO) 100 H
CHs; CH; CHj3

Combination of the organic silicon compounds of this
invention with crosslinking agents, such as silane com-
pounds which comprise readily hydrolyzable groups,
will lead to the rubber compositions which form cured

products with a high strength, a high transparency, and

a low humidity permeability. Therefore, these organic
silicon compounds are applicable to various types of
usages, and are particularly suitable as packing materi-
als and as adhesives for glass. Since these organic silicon
compounds are of a liquid type, they are also useful as a

raw material for preparing liquid gaskets of FIPG ma-
chines.
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The organic silicon compounds of this invention can
be manufactured by the method described below.

Compounds which possess ethylene-type double
bonds at both ends of its molecular chain, expressed by
the general chemical formula below:

CHy—=CH—(CH3);—CH=—CH (3),

wherein k 1s O or an integer from 1 to 12, are utilized as

a starting material. This compound is reacted (by an
addition reaction) with methyl chlorosilane in the pres-
ence of a platinum group catalyst, which results in a

dichlorosilane of the following general chemical for-
mula (4):

R1 R1 (4)

I |
Cl—Si—(CHg)k+4——S|i—CI,

(I:Hg, CH3

wherein R! and k are the same as described previously.
This dichlorosilane is hydrolyzed to possess silanols at
both ends, then it is further reacted (by a condensation
reaction) in the presence of a condensation catalyst, in
order to prepare the organic silicon compounds of this
invention expressed by the general chemical formula
(1). The condensation catalysts which can be ade-
quately utilized in this invention are, for example, per-
fluorocarboxylic acid, tetramethyl guanidine, and tri-
fluoroacetates. Their usage amounts are desirably in the
range of 0.1 to 0.5 wt. % based on the weight of the
silanol compound. Further, the condensation reaction is
desirably carried out in the temperature range of 60° to
150" C., more preferably, 80° to 120° C. The platinum
group catalysts used in the addition reaction can be, for
example: chloroplatinic acid and complexes thereof
with olefins, e.g., ethylene; alcohols or vinylsiloxanes:
or, solid catalysts, such as, composites of platinum black
with silica, alumina or carbon. A liquid catalyst of chlo-
roplatinic acid or complexes thereof in a solvent is pre-
ferred. The organic silicon compounds obtained are
those with hydrogen atoms as the X groups in the gen-
eral formula (1).

Organic silicon compounds with triorganosilyl
groups, m which the X groups are expressed by the
general formula (2), are obtained by carrying out the
reaction between the organic silicon compounds ob-
tained as above and silylating agents with triorganosilyl
groups. Examples of such silylating agents are trior-
ganosilyl ketene acetal, triorganosilazane, and trior-
ganosilyl acetate. This silylating reaction is usually car-
ried out in the temperature range of 20° to 100° C.

DESCRIPTION OF THE DRAWINGS

Various other objects, features and attendant advan-
tages of the present invention will be more fully appre-
ciated as the same becomes better understood when
considered in conjunction with the accompanying

drawings, in which like reference characters designate ¢

the same or similar parts throughout the several views,
and wherein: -

FIG. 1 1s an IR charge for the organic silicon com-
pound of this invention which was synthesized in Ex-
ample 1. The ordinate and abscissa indicate transmit-
tance (%) and wave number (cm—1), respectively:

FIG. 2 is an IR charge for the organic silicon com-
pound of this invention which was synthesized in Ex-
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ample 2. The ordinate and abscissa indicate transmit-
tance (%) and wave number (cm—1), respectively;

FIG. 3 1s an IR charge for the organic silicon com-
pound of this invention which was synthesized in Ex-
ample 3. The ordinate and abscissa indicate transmit-
tance (%) and wave number (cm—1), respectively;

FIG. 4 is an IR charge for the organic silicon com-
pound of this invention which was synthesized in Ex-
ample 4. The ordinate and abscissa indicate transmit-
tance (%) and wave number (cm—!), respectively; and

FIG. § 1s an IR charge for the organic silicon com-
pound of this invention which was synthesized in Ex-
ample 5. The ordinate and abscissa indicate transmit-
tance (%) and wave number (cm—1), respectively.

Without further elaboration, it is believed that one
skilled in the art can, using the preceding description,
utilize the present invention to its fullest extent. The
following preferred specific embodiments are, there-
fore, to be construed as merely illustrative, and not
limitative of the remainder of the disclosure in any way
whatsoever.

In the foregoing and in the following examples, all
temperatures are set forth uncorrected in degrees Cel-
sius and unless otherwise indicated, all parts and per-
centages are by weight.

The entire disclosures of all applications, patents and
publications, cited above and below, and of correspond-
ing application Japanese No. 4-61165, filed Feb. 17,
1992, are hereby incorporated by reference.

EXAMPLES
Example 1

A 160 g amount of the compound with silanols at

both its ends, of the following formula:

T
HO—SIi— (CHZ)G‘“?iO"'H,
CH3 CH3

and a 0.25 g amount of a condensation catalyst:

C3F1OCFCF,OCFCOQOH

I |
CF3  CFj

were placed in a 300 ml capacity four-neck flask
equipped with a stirrer, a thermometer, and a reflux
condenser and the mixture was stirred for three hours at
120° C. As the reaction proceeded, the viscosity of the
mixture increased and formed water by condensation.

After the reaction, the condensation water was re-
moved by distillation under reduced pressure and a
viscous liquid with the following properties was ob-
tained: index of refraction (25° C.) , 1.451; specific
weight (25° C.) , 0.8976; and viscosity (25° C.), 320 cP.

This viscous liquid was identified by NMR, IR and
elemental analysis and the analytical results are shown
as follows:

'H-NMR: & (ppm) 0.09 (s, Si—CHs3), 0.56 (t, SI--
—CH3), and 1.09 (s, C—CH—C).

IR: Actual chart is shown in FIG. 1. Si—O—Si: 1060
cm— L.
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S
Elemental Analysis
C % H % 31 % O %
Calculated Values 55.5 11.2 25.9 7.4
Measured Values 55.4 11.3 25.7 7.6

Based on the results above, the obtained viscous lig-
uid was confirmed to be the organic silicon compound
expressed by the following formula (5):

o
HO—[SIi—(CH2)5_S|i0]4o—H.
CHj

()

CH;

Example 2
A viscous liquid was obtained by the same procedure

10

13

as described in Example 1, except that a 160 g amount of 2

the compound of the formula below was employed as a

starting material, that is the compound with silanols at
both its ends:

0 0
HO-SIi-—(CHz)m—EI‘»i-—OH.
CHj CHj

This viscous liquid possessed the following properties:
index of refraction (25° C.), 1.456; specific weight (25°
C.), 0.8923; and viscosity (25° C.), 12,300 cP.

This viscous liquid was identified by NMR, IR and
elemental analysis and the analytical results are shown
as follows:

IH-NMR: & (ppm) 0.06 (s, Si—CH3), 0.53 (t, Si-
—CH}3), and 1.32 (s, C—CH;—C).

IR: Actual chart is shown mm FIG. 2. Si—O—Si: 1060
cm— L

Elemental Analysis

C% H % S1 9% O %
Calculated Values 61.7 8.9 20.6 5.9
Measured Values 61.6 8.7 20.5 6.0

Based on the results above, the obtained viscous lig-
uid was confirmed to be the organic silicon compound
expressed by the following formula (6):

CH3 (l:H3 (©)
HO[Si—(CH2)10— SliO] 100~ H.
CHj CH;
Example 3

A 200 g amount of the compound with silanols at
both its ends which was utilized in Example 1 as a raw
material, a 200 g amount of the compound with silanols
at both 1ts ends, expressed by the following formula:

T
CH3

@ = 10),
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and a 0.5 g amount of a condensation catalyst:

C3F-;O(IJFCF20CFC00H

I
CF3  CF;

were placed in a 11 capacity four-neck flask equipped
with a stirrer, a thermometer, and a reflux condenser
and the mixture was stirred for three hours at 120° C. As
the reaction proceeded, the viscosity of the mixture
increased and formed the condensation water.

After the reaction, the condensation water was re-
moved by distillation under reduced pressure and a
viscous liquid with the following properties was ob-
tained: index of refraction (25° C.), 1.4325; specific
weight (25° C.), 0.928; and viscosity (25° C.), 6,500 cP.

This viscous liquid was identified by NMR, IR and
elemental analysis and analytical results are shown as
follows: | |

'H - NMR: 8 (ppm) 0.06 (s, Si—CH3), 0.56 (t, Si-
—CH3), and 1.35 (s, C—CH;—C).

IR Actual chart is shown in FIG. 3. Si—O—Si: 1060
cm— L,

Elemental Analysis

C % H % Si % O %
Calculated Values 44.0 9.7 31.8 14.5
Measured Values 44.1 9.6 31.8 14.4

Based on the results above, the obtained viscous lig-
uid was confirmed to be the organic silicon compound
expressed by the following formula (7):

<13H3 <|3H3 <I3H3 (7)
HO—[E'Iai—(CHg)ﬁ_?iO] n—(SIiO)m—H.
CHj CHs CHj3

wherein n=47 and m=244.

Example 4

A 200 g amount of the organic silicon compound
expressed by the formula (5), which was obtained in
Example 1, and a 16.1 g amount of silyl ketene acetal,
expressed by the following formula:

g
Vi'—S]i—O—C—OCH(CHg)g
CH3

(wherein Vi designates a vinyl group) were placed in a
300 ml capacity four-neck flask equipped with a stirrer,
a thermometer, and a reflux condenser and the mixture
was stirred for three hours at 50° C.

After the reaction, the produced isopropyl acetate
was removed by distillation and a viscous liguid with
the following properties was obtained: index of refrac-
tion (25° C.), 1.451; specific weight (25° C.), 0.8972; and
a viscosity (25° C.), 315 cP.

This viscous liquid was identified by NMR, IR, ele-
mental analysis and quantitative analysis of Si-Vi
(wherein V1 designates a vinyl group) and the analytical
results are shown as follows:

'H-NMR: 6 (ppm) 0.08 (s, Si—CHz), 0.56 (t, Si-
—CH3), and 1.36 (s, C—CH;—C).
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IR: Actual chart is shown in FIG. 4. Si—O—Si: 1060
cm— 1.

Elemental Analysis >
C % H % S1 % Q %
Calculated Values 55.5 11.1 26.0 7.4
Measured Values 35.4 11.0 26.2 7.4

10

Quantitative Analjrsis, S1-Vi:

0.022 mol/100 g (calculated value: 0.0226 mol/100 g)

Based on the results above, the obtained viscous lig- 15
uid was confirmed to be the organic silicon compound
expressed by the following formula (8):

('3H3 (|3H3 (IZ‘,H3 (|3H3 (&) 20
Vi— ?iO'— [Sli-— (CH2)g™ Sli0]4o— Sli'— Vi.
CH3 CHj; CHj3 CH3
25
Example 5

A 200 g amount of the organic silicon compound
expressed by the formula (6), which was obtained in
Example 2, and a 5.1 g amount of silyl ketene acetal
utilized in Example 4 were placed in a 300 ml capacity
four-neck flask equipped with a stirrer, a thermometer,
and a reflux condenser and the mixture was stirred for
three hours at 50° C. 3

After the reaction, the produced isopropyl acetate
was removed by distillation and a viscous liquid with
the following properties was obtained: index of refrac-
tion (25° C.), 1.456; specific weight (25° C.), 0.892; and
viscosity (25° C.), 11,300 cP.

This viscous liquid was identified by NMR, IR, ele-
mental analysis and quantitative analysis of Si-Vi
(wherein V1 designates a vinyl group) and the analytical
results are shown as follows:

'H-NMR: & (ppm) 0.06 (s, Si—CH3), 0.54 (t, Si-
—CH3), and 1.33 (s, C—CH;—C).

IR: Actual chart is shown in FIG. 5. Si—0—Si: 1060
cm— L.

30

45

30

Elemental Analysis

C % H % St % O %
Calculated Values 61.7 8.9 20.6 5.9 33
Measured Values 61.7 8.8 20.7 5.8

Quantitative Analysis, Si-Vi:

0.007 mol/100 g (Calculated value: 0.0073 mol/100 g)

Based on the results above, the obtained viscous lig-
uid was confirmed to be the organic silicon compound
expressed by the following formula (9):

60

65

8
fllHa <|3H3 ?Hs (|3H3 (S)
Vi—?iO“[Sli“—(CHz)m— SI':iO]mg"" Sli—'Vi..
CHz CHj3 CHj3 CH3

The preceding examples can be repeated with similar
success by substituting the generically or specifically
described reactants and/or operating conditions of this
invention for those used in the preceding examples.

From the foregoing description, one skilled in the art
can easily ascertain the essential characteristics of this
invention, and without departing from the spirit and
scope thereof, can make various changes and modifica-
tions of the invention to adapt it to various usages and
conditions.

What 1s claimed is:

1. Organic silicon compounds of the following for-

mula (1):

Rl Rrl R2 (1)
o l |
X0+ ?i'f‘CHz')ESIiO'}H—('SIiO‘);'HX
CH; CH3 CHsj

wherein R!is a substituted or unsubstituted alkyl group
with 1 to 4 carbon atoms, R2is a substituted or unsubsti-
tuted monovalent hydrocarbon group, X is either a
hydrogen atom or a triorganosilyl group of the follow-
ing formula (2):

R3 (2)

|
) )
L

wherein R3, R4 and RS are independently a substituted
or unsubstituted monovalent hydrocarbon group with 1
to 8 carbon atoms, p is an integer from 6 to 16, m1s O or
an integer from 1 to 1000, and n is an integer from 1 to
1000, with the proviso that, when m is 0, and X is a
hydrogen atom, p is an integer 10-16.

2. The organic silicon compounds of claim 1, wherein
R!is a halogen-substituted alkyl group.

3. The organic silicon compounds of claim 1, wherein
R!is methyl.

4. The organic silicon compounds of claim 1, wherein
RZis an alkyl, cycloalkyl, alkenyl, phenyl, tolyl or phen-
ylethyl group unsubstituted or substituted with halogen
atom(s) .

5. The organic silicon compound of claim 1, wherein
R2 is a 3,3,3-trifluoropropyl, 6,6,6,5,5,4,4,3,3-nona-
fluorohexyl, chloromethyl or 3-chloropropyl group.

6. The organic silicon compound of claim 1, wherein
X 1s hydrogen and m is an integer of 1 to 1000.

7. The organic silicon compound of claim 1, wherein
X 1s a triorganosilyl group.

8. The organic silicon compound of claim 1, wherein
n 1s 40 to 100. |

9. The organic silicon compound of claim 1, wherein
R3, R4 and RS are independently selected from alkyl,
cycloalkyl, alkenyl, phenyl, tolyl or phenethyl groups

unsubstituted or substituted with halogen atom(s).
* X - S
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